ABSTRACT The fibre concentrations generated during the production of friction materials, incorporating asbestos, over the past 60 years have been studied to provide cumulative dust exposure data for a mortality study of the work-force. Chrysotile has been used almost exclusively during this period. The measurements made routinely by the factory staff provided information from 1950 onwards; concentrations for earlier years were derived from simulation studies using original materials, machines, and methods. These have shown that while high concentrations prevailed in the earliest years dust suppression measures initiated in 1931, and other factors, reduced the time-weighted average concentrations to moderate levels. There were two four-year periods when the production of brake blocks incorporating crocidolite occupied a well-defined area of the factory. The simulation of this production was not permissible, but the employees concerned could be identified.
A study of a factory that for many years has been using mainly one type of asbestos was considered useful both in general terms and also as a contribution to the resolution of suggested differences between the carcinogenic properties of the various types of asbestos if adequate corresponding mortality and environmental data could be obtained. Good records have been maintained by the personnel department identifying all employees in post in 1941 and thereafter with sufficient detail to obtain mortality data from the national registers. The records also contain details of the work history of the individual. Environmental measurements have been made only since 1968. Since many of the machines in use in the earliest years have been successfully maintained, with dated records of exhaust ventilation modifications, and many products with the older formulations are still being produced, simulation of earlier working conditions was considered feasible. Measurements of the clouds produced could be made using modem methods to provide the environmental data required for the study.
Factory development
The factory has been producing friction materials since the turn of the century when cotton cloth and
Received 23 June 1982 Accepted 3 August 1982 oil-based impregnants were used as the basic materials. Woven chrysotile brought into the factory in 1910 as an alternative to the cotton cloth had virtually supplanted it by 1920. Loose asbestos fibre was introduced into the factory two years later when a patent was granted on a method of brake-block making, using loose asbestos and resin cast into a mould. Since that time the production of materials containing either woven or loose fibre has continued. Brake and clutch linings and floor coverings are produced using similar procedures. Woven asbestos is received in roll or coil form and is stored until required. On demand the rolls are calendered and cut before passing through a resin bath after which the impregnated material is formed and heat treated. Subsequent machining may include any selection of edge and surface grinding, sawing, turning, boring, and drilling operations before passing through stencilling and examination. The finished product then passes through to the despatch area.
Bales of asbestos fibre are similarly received, stored, and issued on demand. After opening and weighing, the fibre may be either dry mixed with resin and additives in a mould then pressed, baked, and machined, or mixed with resin plus additive to produce a dough that is subsequently rolled, cut, baked, and machined.
Production began in an old mill building but was transferred in 1916 to a purpose-built factory block.
A "long bench" method of working was used in which all the stages were performed in a small area, and all the workers were exposed to similar fibre cloud concentrations. Dust 
Results
The clouds contained many more irregular shaped particles than fibres. While dried resin particles were apparent in clouds produced after impregnation, there was no evidence of any resin coating on the airborne fibres even when examined with the transmission electron microscope. The fibres were highly respirable, most having diameters smaller than 1 ,um and more than 90% of the fibres longer than 5 ,um were shorter than 30 Am. A typical length distribution (table 1) is similar to that obtained by Gibbs and Hwang4 from clouds produced in chrysotile mining and milling operations. Since it was not possible to reproduce every operation, the simulations made were selected to provide general levels of cloud concentration in the various stages of the production. In the earlier periods most of the products incorporated woven asbestos, and the simulations included the handling and calendering of rolls and the drilling, boring, sawing, and grinding of products with and without exhaust ventilation. The simulations for the products incorporating loose fibre included bag opening, weighing and mixing, mould filling and pressing, and subsequent machining. These measurements were supplemented by those obtained later for processes such as impregnation and forming that had not changed. The machining operations without exhaust ventilation generated high concentrations, in particular the grinding and finishing produced fibre concentrations ranging up to 50 f/ml. Concentrations exceeding 20 f/ml were also obtained during the bag opening and mixing of loose Skidmore and Dufficy fibre and the removal of debris from floor and work surfaces. The varied siting and the close proximity of the operations indicated a concentration in excess of 20 f/ml over the whole production area during the first period.
*The clouds to which the employees were exposed were greatly reduced at the beginning of the second period as a result of the application of exhaust ventilation to some of the machining processes and also of the partial departmentalism that took place with the expansion of the works. The receiving and storage department was separated from the later processing. In this department the clouds associated with the receipt and storage of asbestos fibre were higher than those associated with handling the rolls of woven asbestos because of spillages from damaged bags. This difference also applied to a greater extent in the preparatory stage, when larger quantities of asbestos fibre were weighed and mixed. The application of exhaust ventilation to grinding and finishing machines generally reduced the fibre concentrations to under 10 f/ml, but higher concentrations were observed when the largest components were being processed. Drilling, boring, turning, and sawing without exhaust ventilation generated clouds containing up to 8 f/ml and similar concentrations were generated by the dispersion of dust on the products during the examination and stencilling stages. This dust created stencilling problems which were overcome at the end of this period by vacuum cleaning the product after machining, which halved the concentration to which the examiners and stencillers were exposed. The application of exhaust ventilation to other machining operations and improvements, in addition to that already applied to the grinding operations, similarly reduced these clouds during the third period.
After the 1968-9 survey, extensive improvements in dust control were introduced to achieve compliance with the proposed threshold limit value. These included the more effective wrapping of incoming supplies, ventilated enclosures for weighing and mixing fibre, modifications to presses, and the upgrading of exhaust ventilation generally and its application to the examination and stencilling benches. As a result successful control of the airborne dust was achieved. Surveys during this period have indicated almost 100% compliance, and the rare 
